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ADVANCE RESTRICTED REPORT 

QUANTITATIVE ANALYSIS FOR AROMATIC AMINES IN AVIATION 
FDET.fi BY ULTRAVIOLET SPECTROPHOTOMETRY 
By Adalbert 0. Tisohler 


SUMMARY 

A method of quantitative analysis for Individual aramatlo 
amines or mixtures of aramatlo amines In hydrocarbon fuel blends 
by speotrophotametrlc measurement of ultraviolet-light absorption 
Is presented. The effect of the precision of the spectrophoto- 
metrlc measurements, the purity of the aromatic amine, photochemical 
decomposition of the amine, and the composition of the fuel on the 
accuracy of the analysis Is discussed and the results of tests of 
the precision of the procedure are given. 

The accuracy of the speotrophotcmetrtc method depends upon 
the purity of a standard sample used for calibration purposes, as 
veil as the extent of contamination, of the fuel with other sub- 
stances which absorb ultraviolet light in the region from 3050 to 
2800 A wavelength and which can be extracted from the fuel by 
aqueous hydrochloric acid along with the amine. The analysis Is 
not affected by the type of hydrocarbon in the gasolino, nor do 
tetraethyl lead or ethyl-fluid dye in the amounts usually present 
In aviation fuels Interfere, In analyses of typical hydrocarbon 
and gasoline solutions containing various aromatic amines in con- 
centrations from 0.4 to 1.7 percent by weight, results accurate, 
on the average, within 1/2 percent of the amine have been obtained. 


INTRODUCTION 

The need for large quantities of aviation gasoline of high 
antiknock rating lod to the limited use of blends containing up to 
3 percent of aromatic aminos in fuels for military aircraft. 
Because a number of dlfferont aromatic amines and their mlxtrues 
have been considered for this purpose. It has been necessary to 
develop methods of quantitative analysis for various amines in 
gasoline. 
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In the past, chemical methods of analysis have been used, the 
most practical of- which were based on titration of the amine with 
an acid. According to reference 1, titration with aqueous hydro- 
chloric acid Is not entirely satisfactory because the gasoline com- 
position, particularly If aromatics are present, affects the results 
and tertiary amines, such as N,N-dimethylaniline, cannot be deter- 
mined. In general, methods employing titration have been somewhat 
limited In scope and the accuracy has not been better than about 
1 percent of the amount of amine present. 

Spectrometric measurements of the ultraviolet -light absorption 
of aromatic amines have been used at the BACA Cleveland laboratory 
for about 2 years to determine the concentration of aromatic amines 
In aviation fuel blends. The spectrometric method Is more accurate 
than the titration methods and has proved to be applicable to the 
quantitative determination in hydrocarbon solutions of all monoaryl 
amines tested at this laboratory. Quantitative analysis of technical 
xylldlnes In gasollnq by spectrophotometry has been reported by the 
Technical Advisory Committee of the Petroleum Industry War Council 
(reference 2) . 

This report desdrlbes an ultraviolet spectrochemical method of 
quantitative analysis for Individual aromatic amines (or for mix- 
tures of amines) In amine -fuel blends. Factors that affect the 
analysis are discussed and data are presented to show the precision 
of the method for several typical types of analysis made with a 
photoelectric spectrophotometer having 1-oentimeter absorption cells 
(reference 3) . Absorption spectra obtained with this Instrument are 
given In reference 4 for 27 aromatic aminos an lsooctane and in water 
.together with a discussion of some factors which have been found to 
affect the absorption characteristics of the amines. A discussion of 
qualitative apalysis is not attempted In the present paper and it is 
assumed throughout that the Identity of the aromatic amine or aro- 
matic amine mixture is known. 


PRINCIPLES Olf SPECTROPHOTOMETRIC DETERMINATION OF AROMATIC AMINES 

Monoaryl amines absorb ultraviolet light of wavelengths from 
about 3100 A to loss than 2000 A and have a characteristic absorption 
bond at about 2900 A. Although tho absorption spectra of individual 
aromatic amines In hydrocarbon solutions differ somewhat, the selec- 
tive absorption of. ultraviolet light of about 2900 A wavelength is 
distinctive of aromatic amines in gasoline. Aromatic and olefinic 
hydrocarbons have their principle absorption at shorter wavelengths 
although weak absorption at 2900 A is possible, whereas paraffinio 
and naphthenic hydrocarbons are transparent to near-ultraviolet light. 
Aromatic amines absorb ultraviolet light at 2900 A sufficiently to 
facilitate the detection of concentrations as small as 10 “5 percent 
in ultraviolet -light -transparent solvents. 
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The absorption of ultraviolet light by aromatic amines does 
not preclude the speotrometrlc determination of aromatios In fuel 
blends (reference '5) because' the amine" can 'bo selectively removed 
from the hydrocarbon solution with aqueous acids. The chemical 
reactivity of aromatic amines with aqueous acids also permits the 
elimination of possible Interference In the amine analyses by aro- 
matics or unsaturated hydrocarbons. A detailed discussion of the 
principles of eliminating Interference by ardaoatlc and oleflnlo 
hydrocarbons Is given In appendix A. 

The determination of an individual aromatic amine In a fuel' 
sample Is based on the following procedure: 

1. A measured portion of the fuel sample containing the aro- 
matic amine is diluted quantitatively with an ultraviolet -light - 
transparent hydrocarbon solvent to a concentration for whloh the 
light absorption by the amine Is measurable. 

2. The aromatic amine Is extracted with hydrochloric acid 
From a portion of the diluted sample. 

3. The difference In ultraviolet-light absorption between the 
unextracted and the extracted hydrocarbon solution is measured 
spectrophotamotrically . 

4. The net ultraviolet -light absorption of the sample Is com- 
pared with that of a standard solution containing a known amount 
of the aromatic amine and the concentration of the unknown sample 
calculated. The Beer-Lombert lav Is assumed to be valid. 

It Is apparent that the concentration of a mixture of aromatic 
amines In a fuel sample can be determined In a similar manner, pro- 
viding that, a sample of the amine mixture can be obtained for deter- 
mining the absorption of a standard solution. 


ANALYTICAL PROCEDURE 

For spe ctrophot ometr 1 c measurement of the light absorption of 
the aromatic amine, the fuel sample Is dllutod with lsooctane to a 
concentration of approximately 0.03 gram of aromatic amine per liter 
of lsooctane (approximately 0.004 percent by weight). This concen- 
tration yields absorption measurements in the optimum range from 0.4 
to 0.7 In extinction (40 to 20 percent light transmission) for most 
monoaryl amines boiling below 250° C. Throughout this paper the 
values of light absorption are expressed in terms of extinction 
rather than as percentage of light transmission because the extinc- 
tion le proportional to the concentration of the absorbing solute 
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when the Beer -Lambert lav bolds. The extinction Is the negative 
logarithm of the ratio of light Intensity transmitted through the 
solution cell to that transmitted through a matched cell containing 
the solvent. 

The specific extinctions for the particular amine or known 
amine mixture In the fuel blend must be determined before the amine 
in the fuel can be determined quantitatively. (Gee step 4 of pro- 
cedure outlined In preceding section.) At a particular wavelength 
the specific extinction Is a proportionality factor that relates 
the extinction of the aromatic amine solution for a cell of unit 
length with the concentration of the aromatic amine; the factor Is 
obtained from measurements of the ultraviolet -light absorption of a 
fuel sample that oontalns a known concentration of the aromatlo amine 
to be determined. 

A commercial grade of iaooc^.one (known as S reference fuel) has 
been found suitable for dilution of the samples for routine analysis. 
IsGOctane that is not sufficiently transparent to ultraviolet light 
may be purified by a procedure described in reference 6. 


Determination of Speoifio Extinctions of the 
Standard Aromatic Amine Solution 

A weighed amount of the aromatic amine (or aromatic amine mix- 
ture) to be determined is dissolved in a weighed amount of fuel to 
prepare an amine -fuel blend of known concentration approximately 
equal to that of tho aromatic amine in the fuel samples to he ana- 
lyzed. For maximum accuracy it is preferable to dissolve the amine 
In a fuel similar in composition to the fuel samples to he analyzed. 

A weighed portion of the prepared amino-fuel blend is then diluted 
to a specific volume with lsooctane until the final solution of at 
least 100 milliliters has a concentration of aromatic amines of 
about 0.03 gram per liter of isoootone solution. In order to con- 
serve solvont, the final dilution In isoootane Is obtained by a 
series of two dilutions. 

About 50 milliliters of the lsooctane solution are transferred 
Into a 250-milliliter separatory funnel having an ungreased stopcock. 
(Solution of grease by tho fuel may vitiate the analyses . ) The aro- 
matic amines are extracted with 5 milliliters of 1:1 hydroohloric 
acid by agitating the liquids In tho soparatory f unne l for 2 minutes. 
The hydrochloric -acid layer Is then separated from the lsooctane solu- 
tion and the acid remaining in tho lsooctane layer is removed by 
washing with 5 milliliters of distilled water. 
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After the water has settled out of the isoootane solution, one 
of the oells of the- speotrophotometer is filled-. with, a portion of 
the extraoted isoootane solution. A second cell is filled with a 
portion of the unextraoted part of the Isoootane solution. The 
extinct ions E of the solution in the second cell are measured 
relative to the solution in the first oell at three wavelengths 
spaoed at Intervals of approximately 25 A over the peak of absorption 
in the region of 2900 A for the particular amine (or amine mixture) 
being determined (see appendix B) . 

The speoiflo extinction k of the aromatic amine at each wave- 
length is calculated from the equation 

E\ V 
oW 

where 

k^ specific extinction at wavelength X expressed as liters 
per gram-centimeter 

E\ measured extinction at wavelength \ for unextraoted lsooctone 
solution relative to extraoted isooctane solution 

c concentration of aromatio amine in original amine -fuel blend, 
grams per gram 

l length of absorption cells, centimeters 

W weight of original amine -fuel blend taken, grams 

Y volume to which W is diluted in final isooctane solution, 
liters 


Analysis of Fuel for Aromatic Amine Content 

A sample of the fuel to be analyzed is weighed and diluted 
volumetrlcally with isooctane to a concentration of the known aro- 
matio amine of about 0.03 gram per liter. Adjustment of the sample 
solution to the appropriate amine concentration may require prelimi- 
nary trial dilutions. Fart of the diluted sample is extracted with 
aqueous hydrochloric acid and the extinctions of the unextraoted 
portion, relative to the portion from which the amine has been 
extracted# are measured at the wavelengths previously used for the 
standard sample. 
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The concentration of the aromatic amine in the original fuel 
sample is calculated from each measured extinction using the 
equation: 


E X V 

O B . . V . ... 

VV 

where V, and W here refer to the analysis of the unknown 

sample • 

Three values of c can be calculated from the extinctions at the 
three different wavelengths. The three values are averaged to 
obtain the result of the analysis. For more precise analyses, the 
extinctions for both unkno wn and standard samples can be measured 
at a greater number of wavelengths and the results of independent 
analyses can be averaged. 

The calculations in the foregoing procedure yield the weight 
fraction of aromatic amine In the fuel. Besults may alBO be 
obtained on a volume -percentage basis provided that consistent sets 
of measurements units are employed in the calculations. 


FACTORS THAT MAY AFFECT ANALYSES 
Precision of Spectrophotometrio 
Measurement of Extinction 

Relation between extinction and concentration of amine. - In 
the calculations given in the Analytical Procedure, the Beer -Lambert 
law is assumed to hold. Although thlB assumption is generally valid 
for absorption of monoohrcmatlo radiation, most ultraviolet spectro- 
photometers transmit wavebands from 20 to 100 A and the relation 
between extinction and aromatic amine concentration should be veri- 
fied. For the spectrophotometer used at this laboratory the extinc- 
tion readings of several dilutions of a solution of technical 
xylldlnes in lsooctane, measured at 2925, 2900, and 2875 A, were 
found to be proportional to the concentrations of the aromatic amine 
mixture for extinction values up to about 1.0. Yalues of the specific 
extinctions of the teohnlool xylldlnes, oaloulated from the measured 
extinctions, agreed within an average deviation of less than l/4 per- 
cent. The results are tabulated in table 1. 

Choloe of wavelengths and spectrophotometer slit widths. - The 
extinctions determined for eaoh arcmatio amine will depend upon the 
wavelengths and the slit widths used and the absorption-cell lengths. 
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In general, the wavelengths used for quantitative analysis of 
Individual aromatic amines lie near the peak of the 2900 A absorp- 
tion hand for the particular amine . The effects of small' errors in 
wavelength setting on the results are usually negligible for absorp- 
tion spectra showing broad continuous bands, particularly at or near 
an absorption maximum. For the spectrophotometer used this source 
of error whs negligible relative to other sources of uncertainty in 
the analyses for aramatlo amines. 

For the analysis of the aromatic amines, changing the spectro- 
photometer slit widths from 0.3 to 0.5 millimeter was found to have 
no significant effect on the measured extinctions except for amines 
having o ampler absorption speotra, namely, aniline and the 
|>-alkylanilines . Slit widths of 0.3 millimeter were ordinarily 
used for the analyses. 

Absorption pells. - "Matched" quartz absorption oells seldom 
match exaotly, either in optical length or In absorption by the 
quartz windows. Errors greater than 1/2 peroent may result If 
these faotors are ignored. 

For the analysis of typical aviation fuels by the method 
described, the error In the analysis caused by the use of cells dif- 
fering In length by 1 percent Is estimated to be 1/2 percent. The 
error Is minimized In the case of aromatic amine solutions which 
have no other substances that absorb ultraviolet light at the wave- 
lengths used for the analysis. 

The corrections for differences In absorption by the quartz 
windows of the absorption cell are obtained after carefully cleaning 
the cells with ethyl alcohol. Both cells are then filled -with the 
lsooctane solvent, and the extinction of the solution cell Is 
measured relative to the reference cell. The extinction correction 
for the solution oell at each wavelength is subtracted algebraically 
from the extinction of each solution measured In that oell. 


Purity of the Aromatlo Amine 

Because- the method of analysis Is based on a comparison of 
the absorption of an amine in the unknown sample with the absorption 
of the amine dissolved In a standard hydrocarbon solution, the abso- 
lute accuracy of the determination is dependent upon (l) the abso- 
lute purity of the amine used in preparing the standard amine -fuel 
blend and (2) the purity of the amine in the fuel being analyzed. 
Obviously, any Impurity that alters the absorption spectrum of the 
amine in the fuel or the amine used for the standard amine -fuel 
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blond will affect the results. For example, suppose the fuel 
blender adds to a gasoline an aromatic amine which is 99 peroeuo 
pure and which contains os an impurity 1 peroent of a different 
aromatic amine with twloe the specific extinction of the amine 
added. In the analysis, the measured extinctions will then be 
1 percent higher than If the amine had been absolutely pure. Sup- 
pose also that the analyst obtains a sample of the aromatic amine 
which is only 97 peroent pure and which contains 5 percent of aro- 
matic hydrocarbons that absorb relatively weakly at the wave- 
lengths used for analysis of the aromatic amine. The specific 
extinctions determined for the amine will be nearly 3 peroent lower 
than they would be for the pure amine. The resultant analysis of 
the aromatic amine in the blended fuel will be about 4 percent 
higher than It should be because of these cumulative error factors. 
Thus it is evident that the purity of the amines analyzed and par- 
ticularly of the amine used for a standard is an important factor 
in establishing the acouracy of the analysis. On the other hand, 
if the analyst receives from the fuel blender a sample of the amine 
added to the fuel, he may then analyze the fuel In terms of the 
added aromatic amine with on accuracy limited primarily by the pre- 
cision of the analytical technique, even though the results are not 
necessarily correct In terms of a pure amine. 

The most common impurities In an oramatlo amine ore Isomers of 
the amine. The presence of considerable amounts of lsamerlo aro- 
matic amines, which usually have similar absorption spectra (refer- 
ence 3), can often be tolerated without seriously affecting the 
accuracy of the analyses. For example, the presence of 5 percent 
2,6-xylidine In 2, 4-xylidino would cause the analysis for 2,4-xylidine 
at a wavelength of 2950 A to be 1 percent low in total amine and 
only 0.2 percent high at 2900 A. 

The presence of impurities in the amino blended in the fuel or, 
possibly, in the amino sample used in preparing the standard solution, 
may often be detected by discrepancies in the calc ula ted values of 
amine concentration in the sample. In the procedure described, three 
values of c are calculated from the measured extinctions at the 
three differont wavelengths. Variations among these three values of 
c greator than ±l/2 percent for a single sample indicate that the 
aromatic amino (or aromatic amine mixture-), in the blended fuel may 
not be identical with the amine sample used to determine the specific 
extinctions . 


Photochemical Decomposition of Aromatic Amines 

Tests at the Cleveland laboratory havo shown that the aromatic 
amines are unaffected by infrared and visible radiation, but ultra- 
violet radiation from a quartz mercury-arc lamp induces distinct 
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changes In the absorption characteristics of aromatic amines In 
hydrocarbon solutions. Beoause tho ultraviolet radiation of the 
meroury-uro lamp was many times more Intense - than that of sunlight, 

It appears that tho aromatic amines would not bo seriously affected 
during a short exposure to sunlight In transferring a fuel sample 
from one container to another. It appears, hovevor, that the amine 
determination of a fuel sample that has boen storod In a glass 
bottle and exposod to sunlight far considerable time might be 
seriously In error because of the offeot of the light on the absorp- 
tion ohoraotorlstlos of the aromatic amine. Fuel samples which are 
to be stored before analysis must therefore be protected from expo- 
sure to strong light by storing them In lightproof containers. 

The results of reference 4 also show that the ultraviolet light 
In the speotrophotometer Is not sufficiently Intense to affeot the 
extinction measurements of the aromatlo amines by as much as 
l/2 percent, provided that the measurements are completed within 
10 minutes. These results Indicate, however, the desirability of 
measuring the extinctions of the solutions quickly and systematically 


Composition of Fuel 

The absorption spectra of on aromatlo amine may be modified by 
the solvent used (see reference 4). Solutions of aromatlo amines 
measured with the spectrophotometer are generally very dilute lso- 
octane solutions containing only relatively small amounts of the 
hydrocarbons composing the fuel sample. The magnitude of the effect 
of the composition of the original amine -blended fuel on the pre- 
cision of the analyses was studied. Four fuel components - lsooctane 
cyclohexane, toluene, and dllsobutylene - representing the four typi- 
cal classes of hydrocarbons (paraffins, naphthenes, aromatics, and 
olefins) and a typical aviation fuel, AN-F-28, containing tetraethyl 
lead, dyes, and Inhibitor, were used to prepare blends having about 
1 percent by volume of an aromatic amine mixture. The speolflo 
extinctions of the aromatlo amine mixture in each of the five solu- 
tions were determined at intervals of 25 A In the range from 2800 
to 3000 A by the procedure previously described. Results of two 
Independent tests are given In tables 2 and 3 for two aromatlo amine 
mixtures of different composition. The average deviation between 
calculated means of the speolflc extinctions at nine wavelengths 
for the amine mixtures In the five solvents was loss than 1/2 percent 

The accuracy of the analysis may also be affeoted by ultraviolet 
absorbing oontamlnants In the fuel that can be extracted by hydro - 
ohlorlo acid, such as phenolic oxidation Inhibitors, tetraethyl lead, 
and ethyl -fluid dye. The occurrence of such compounds In aviation 
gasoline in sufficient quantity to affect the measured extinctions 
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of tho aromatic nm1.no at the 500-fold dilution usually used in 
analysis is extremely unlikely and their effect on the rosults is 
in most oases insignificant. The foregoing results show that the 
prosenoe of ethyl fluid, for example, has little or no offoot on 
the results obtained. 


Temperature and Evaporation 

The effect of temperature on the analysos was not investi- 
gated. Tho rosults roperted wero obtained in a room with the tem- 
perature approximately constant at about 25° C. The effect of 
varying tomporature on tho analyses cannot bo disrogardod for not 
only would difforencos of 5° C in tho tomporature cause errors of 
about l/2 porcont in tho volumetric moasurement of tho isooctano, 
but temperature changes also gonorolly affect absorption spectra 
(reference 7). 

No difficulties wore observed as a result of evaporation of 
tho isooctano solvent during the 3 to 5 minutes required for the 
moasurement of each sample, although no covers wore used on tho 
absorption cells. In this respect, isooctano bocauso of its higher 
"boiling point has n docidod advantage ovor hexane or other lighter 
hydrocarbons . 


TESTS OF PRECISION 

The precision discussed in this section is tho reproducibility 
of the rosults of analysos for on aromatic amino rolativo to tho 
same amine as a standard. In order to tost tho precision cf tho 
analytical technique two series of tests were made, one involving 
the analysis of a single aromatic ?unino in a single typo of fuel 
stock and the other involving the analysis of aromatic amine mix- 
tures in vrjrious typos of hydrocarbon fuol. Tho rosults of such 
tests should lndicato the precision that may bo oxpccted In tho 
analysis of aromatic aminos under different circumstances, bocauso 
the first tosts favor good precision whereas the sooond tests pre- 
sent conditions more unfavorable to good reproducibility. 

For the first tusts a sorios of 12 samplos of fuel containing 
weighed amounts ^f a sample of jo-oumidino (^-iBopropylunilino) was 
prepared. Tho gaBolino usod contained •? pproxi mate ly 12 porcont 
aromatics and about 1.0 mi Hill tor of totrauthyl load per gallon. 
Tho jj-cumidino concentration in each sample was about 0.36 percent 
by weight. The samples wero analyzed with tho spectroohotemotcr 
by tho procedure given in this report. One of tho prepared samples 
was iirbitrarily chosen as a standard sample and tho analyses of tho 
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others were based on the speclflo extinctions calculated for the 
standard sample at three wavelengths. The concentrations of each 
sample, calculated from the extinct Jons at eaoh of the three wave- 
lengths, are given in table 4. The percentage deviations between 
the weighed and the spoctrophotametr J cally determined amine con- 
centrations are listed. The moan deviation was about l/s percent. 

The data illustrating tho second serlos of tests are given in 
tables 2 and 3 but are presented in table 5 in a different form as 
a study of the precision of the method under unfavorable analytical 
circumstances. The data for an amine -toluene blend were used in 
eaoh sot of analyses to determlno the spoolflc extinctions of the 
amine mixtures. The concentrations of amino mixtures in the other 
samples were calculated at three wavelengths aoross the peak of 
the absorption ourve for each mixture. Tho mean deviation between 
the weighed and the spectrophotametrioally determined concentrations 
was slightly greater than 0.4 peroont. 

Tho precision of routlno analyses of on aromatic amino In con- 
centrations up to 3 percent by volumo in a single type of fuol stock 
may bo expected to lie between the values givon in the two groups 
of tests doscrlbed. The test results show an avorage deviation of 
loss than 0.5 peroont and no errors as largo as 1.0 poroont. 


CONCLUDING REMARKS 

Ultraviolet spoctrophotometrlc techniques wore found to bo 
applicable to tho quantitative analysis for individual aromatic 
aminos and known mixtures of aromatic amines in aviation fuels. As 
an example, typloal hydrocarbon and gasoline solutions containing 
monoaryl amines in concentrations from 0.4 to 1.7 poroent by weight 
wore analyzed spectrophotametrioally and results accurate, on tho 
average, to within -±0.5 percont of the amine were obtained. The 
identity of the aromatic aminos in tho fuol must bo known. 

In principle, the absolute accuracy of the speotrophotometrlo 
method is dependent upon the purity of a standard amine sample used 
for calibration purposes and also upon tho extent of contamination 
of tho fuel with other substanoos which absorb light in the region 
from 3050 to 2600 A and which are extracted along with the amine 
by aqueous hydrochlorlo acid. 
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The analysis of the aromatic amine oontent of hydrocarbon 
fuels as tested experimentally was not affected either by the 
type of hydrocarbon in the fuel or by ethyl fluid in the amounts 
usually present In aviation fuel. 


Aircraft Engine Research Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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APPENDIX A 

PRINCIPLE -OF ELIMINATING INTERFERENCE BY 
ULTRAVIOLET-ABSORBING HYDROCARBONS 

The principle of the speotrametric method for quantitative 
analysis of arcmatlo amines in the presence of hydrocarbons that 
also absorb ultraviolet light nay be Illustrated by discussing 
the absorption of an assumed hydrocarbon fuel containing an aro- 
matic amine. For example, consider a fuel blend that has 3 per- 
cent of an aromatic amine (N-methylanlllno) and 30 percent of 
ultraviolet-absorbing substances typical of those found In hydro- 
carbon fuels. These substnnceB are primarily aromatics and olefins 
and. If the fuel Is leaded, will Include the tetraethyl lead and 
ethyl dyo In the ethyl fluid. According to the procedure reported, 

1 gram of the hypothetical fuel sample should be diluted with lso- 
octane to 1 liter or the equivalent dilution made. 

The absorption spectrum - extinction plotted against wavelength 
for the aromatic amine, as determined for the diluted fuel sample 
relative to an ultraviolet-light -transparent solvent, may be repre- 
sented by curvo A in the following figure : 



Wavelength, A 
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The absorption, spectrum of the ultraviolet -absorbing substances in 
the same solution may be represented by curve B. (In general, aro- 
matics absorb about one -tenth as much in the region of 2 7 50 to 
2300 A as do equal amounts of aromatic amines in the region of 
3050 to 2800 A; olefins absorb much less; the absorption by the 
ethyl -fluid dye nnfl other components would probably be entirely 
negligible at the 700-fo'ld dilution.) Because optical extinctions 
are additive, the resultant absorption of the diluted hypothet 1 cal 
fuel sample will be curve C. 

When the aromatic amine is extracted from part of the fuel 
sample with aqueous acid, the absorption of the solution from which 
the amine was removed corresponds to curve B. When the extinction 
of the unextracted solutions is measured relative to the extracted 
solution at any wavelength using absorption cells of matched length, 
the extinction of the aromatic amine in the fuel can be measured; 
the aromatic amine, therefore, can be determined directly in spite 
of the presence of aromatics and olefins. 
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APPENDIX B 

wavelengths used fc® analysis and specific -extinction data 

FOR 27 AROMATIC AMINES IN ISOOCTANE 

Sots of three wavelengths used for the quantitative an a lysis 
of eabh of 27 aromatic aminos in fuels and the specific extinctions 
for each amine taken from the curves of reference 4 ire listed in 
table 6. The throe wavelengths arbitrarily chosen lie at approxi- 
mately 25 A intervals near the ah sorption-hand maximum for each 
aromatic' amine . 

The quartz -prism ultraviolet spectrophotometer was used to 
obtain these data. The slit widths were adjusted to 0.3 millimeter. 
The temperature of the arcmatlo amine solutions was approximately 
25° C. The simple aromatic amines wore better than 99 percent pure; 
the purity of aromatic amines from which isomers are difficult to 
separate was loss; most of the aromatic amines listed wero better 
than 95 percent pure. 

The extinction data listed are not rocammondod for use as 
accurate standards for analysis purposes bocauso other spoctrophotom- 
eters may yield different specific extinctions .for tho some aromatic 
amine owing to differences in tho resolution of other instruments, 
as wo 11 as differences in the amount of Btrny light. For example, 
with tho quartz -prism spectrophotometer, a specific extinction of 
17.2 liters per gram -cent imotor was obtained for £-toluidine in iso- 
octane at 2930 A, whereas a value of 13.4 liters per gram -centime tor 
was obtained at this laboratory with a 1.5 -meter ooncavo -grating 
spectrograph using photographic techniques. The list may be used, 
however, as a guide for the selection of appropriate wavolongth 
settings far tho analysis of individual aromatic amines and for 
approximate estimations (±10 percent) of the magnitude of absorption 
for an amine. 

Tho data are grouped in families of structurally related aro- 
matic amines. Belated compounds will be observed to have their 
maximum absorption at approximately the same wavelength. 
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TABLE 1. - PRECISION OP SPECTROPHOTOMEERIC MEASUREMENT OP 
EXTINCTION - VALIDITY OF BEER-LAMBERT RELATIONSHIP 


Concentration of 
technical xyl Mines 
. In lsoootane 
(gram/liter) 

Ratio of 
xylidino 
concen- 
tration 



Wavelength, 

A 


2925 

2900 

28*3 

r 5 

E \ 

k 


ui 

E \ 

k 

0.00996 

1 

0.165 

16.57 

0.171 

17.18 

0.1685 

16.92 

.01992 

2 

.332 

16.68 

.343 

17.23 

.338 

16.97 

.03984 

4 

.660 

16.58 

.684 

17.18 

.6745 

17.05 

.0498 

5 

.826 

16.60 

.860 

17.28 

.8455 

16.99 

.0996 

10 

1.584 

15.90 

1.631 

16.39 

jl.603 

16.10 

Average value of k 

for Ex 

HB 

BHBI 

HH 

17.22 

RQ 

16.98 

values less than 1.0 

M 


■ 


1 


M ft An att "1 pl+\ 1 rvn nf lr 


— 

n 


n 99 1 


O 99 

average for E^ values 


U • Cm O 

| 1 

■ Cm Cm 

j 


\J m CtC 

less than 1.0, porcent 



■ 
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TABLE 2. - EFFECT OF FUEL COMPOSITION OH SPECIFIC EXTINCTIONS OF AROMATIC AMINE MIXTURE 1 

[Aromatic amine mixture 1 consisted. of approximately eqval v-'igfcts of the following 
aromatic amines: F-etliylanilinj; N, N-diethylanilin: ; N-tutylaniline; o-tcluidinc.] 



a Isooctane solvent was S-3 reforenco fuel; S-3 reference fuel was usod in 
making all dilutions. Cyclohexono , toluene, nnfl diisobutylene were 
technical products. AN-F-26 fuol is grado 100/130 aviation fuol. 

National Advisory Committee 
for Aeronautios 
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TABLE 3. - EFFECT OF FUEL COMPOSITION ON SPECIFIC EXTINCTIONS OF AROMATIC AMUSE MIXTURE 2 



[Aromatic amine mixture 2 consisted of equal volumes at 25° C of the following aromatic 
amines: N-ethylaniline; N , N-di ethyl aniline; N-butylaniline; o-toluidine; carvacryl amine 

( 5-isopropyl -2-methylanlline ) . j 


Wave- Solvent 4 Average; Mean devi- 

length xaooctane Cyclohexane j Toluene |Di isobutylene j AN-F-28 at ion of 

(A) j j j } [fuel i TalueB 

Original concentration of amine mixture in ' !frcm aver- 

j solvent, percent by weight 

1.617 | 1.419 j 1.274 j 1.531 j 1.554 

Specific extinctions , k^ 


2000 12.42 12.42 12.40 

2825 13.86 13.88 13. SO 

2850 15.20 15.25 15.15 

2875 16.06 16.14 16.03 

2900 16.38 16.50 ! 16.35 

2925 16.20 16.25 16.14 

29F0 15.52 15.58 15.45 

2975 13.86 14.04 13.86 

3000 11.74 11.84 11.79 

Aver- 
age 


12.42 

13.88 

15.25 
16.14 
16.50 

16.25 
15.58 
14.04 
11.84 


^sooctane solvent was S-3 reference fuel; S-3 reference fuel was used in 
making all dilutions. Cyclohexane, toluene, diisobutylene wore 
technical products. AN-F-28 fuel is grade 100/130 aviation fuel. 
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TABLE 4. - ANALYTICAL PRECISION FOB J3-CUMIDINE 
IN TYPICAL FUEL BLMD 


Weighed 
concentra- 
tion of 
amine in 
prepared 
solution 
(percent 
"by weight) 

Concentrations determined 
spectrophotcmetricalj y at 
each of throb wavelengths 
(percent by weight) 

Average 
experi- 
mentally 
determined 
concen- 
tration 
(percent 
by weight) 

Deviation 
between 
weighed 
and deter- 
mined con- 
centration 
(percent) 

Wavelength, 
<*> 

\ 

2900 

2925 

2P50 

0.3636 

0.364 

0.364 

0.364 

0.3640 

0.11 

.3596 

.358 

.358 1 

.358 

.3580 

.45 

.3468 

.349 

.349 ‘ 

.349 

,34°0 

.63 

.3788 ; 

.380 

.380 

,378 

• 57P3 

.13 

.3700 

• 3~2 1 

.372 

.57C 

.3713 

.35 

.3704 

.369 

.369 j .368 

.3387 

.46 

.3652 

.365 

j 1 . 3*3F» 

. 3650 

.05 

.3920 

.590 ♦ .391 { .390 

.3903 

.43 

.3528 

.3? 4 

.355 

.352 

.3537 

.26 

.3748 

.373 

.373 

.373 

.3730 

.48 

.3628 

.361 

.361 

.359 

.3603 

.41 

Awl H 





XjI 

ation, 






percent 
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TABLE 5. - ANALYTICAL PRECISION FOR AROMATIC AMINE MIXTURES IN VARIOUS HYDROCARBON SOLVENTS 



Weighed 
concentra- 
tion of 
! amine In 
prepared 
solution 
(percent 
by weight) 

Concentration 8, determined 
sp-- ctrophot .Tmetrl cally at 
different wavelengths 
(percent by weight) 

Average 
experi- 
mentally 
determined 
concen- 
tration 
(percent 
by weight) 

Deviation 
between 
weighed 
and deter- 
mined con- 
centration 
(percent) 

Wave! ength . 
(A) 

\ 

2875 

2900 

2925 

2950 

Aromatic amine mixture l* 1 in 








various hydrocarbon solvents: 







1 

i 

j 

lsooctane 

1.712 


1.721 

1.719 

1.719 

1.720 

0.47 

Cyclohexane ] 

! 1.413 



1.410 

1.416 

1.413 

1.413 

.35 . 

Dllsobutylene 1 

| 1 . oe.: 


1.6C-. 

11.663 

1.668 

1.665 

.18 

AN-F-26 fuel 

1.591 ! 

i 


1.584 jl. 586 

1.584 

1.585 

! .56 

Aromatic amine mixture 2 C In 

j 



— 



i 

various hydrocarbon solvents: 

i 

{ 





j 


lsooctane 

1.617 j 

1.614 

1.614 

1.611 


1.613 

0.25 

Cyclohexane 

1.41? j 

1.409 

1.405 

1.409 


1.408 

.78 

Dllsobutylene 

1.531 ■ 

1.121 

1.531 

1.525 


1.526 

.33 

AN-F-28 fuel 

1 . 554 j 

1.559 [1.553 

1.5S3 


1.56C 

.39 

Mean deviation, percent 

1 1 

! 1 




P Al 


! i 1 




L .41 


Calculation of concentrations based on. specific extinctions for aromatic amine mixture 
k blended with toluene and diluted with lsooctane . 

Aromatic amine mixture 1 consisted of approximately equal weights of the following aromatic 
c amln9a: N-ethylaniline; N,N-diethylaniline; N-butylaniline; o-toluldlne. N 

Aromatic amine m ix ture 2 consisted of equal volumes at 25 3 C of the following aromatic 1-1 

amines; N-eth yl anl 1 Ins ; N^N-diethylanillne; N-butylanlline; o-toluldlne; carvaorylamlne. 

national Advisory Committee 
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BACA. JCBRrBo.BB5H27 
TABLE 6. - WAVELHSGTHS USED FOE ANALYSIS AHD SPECIFIC- EXTINCTION VMUES 

FOB 27 AROMATIC AMINES IN ISOOCTANE 

- [Beckman quartz -prism spectrophotometer Model BUT; slit width, 0.5 millimeter; 
• hydrogen discharge lamp; absorption- cell length, 1 oentlmeter; concentra- 
tions of aromatic amine in isooctano, about 0.05 gram per liter] 



^he values of are rounded off to three significant figures. 

^Theso aromatic aaivios wore better than 9P percent p-re 
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